Polar porous polymeric microspheres divinylbenzene-glycidyl methacrylate (DVB-GMA) were synthesized with a suspension method. Two kinds of polymers differing in chemical composition and physical properties were obtained. The molar ratios of monomers in the polymers were 50:50 and 75:25, respectively. Next, the prepared materials were chemically treated with phosphoric or sulphuric acid in order to additionally modify their surface. Consequently, the polymers gained acidic character and cation exchange properties. The prepared materials were characterized by: elemental analysis, ATR-FTIR, DSC, low temperature nitrogen sorption and SPE experiments. CHN and ATR-FTIR confirmed the chemical structures of the polymers. The DSC analyses revealed their network was highly cross-linked. Porous structure parameters of the studied materials strongly depended on their chemical composition. All the materials were mesoporous with bimodal pore size distribution (3.7 nm and 5.5-7.5 nm). Highly cross-linked DVB-GMA 75:25 and its acidic derivatives had twice higher specific surface areas (320-370 m 2 /g) than their less cross-linked counterparts DVB-GMA 50:50 (140-190 m 2 /g). The prepared materials were tested for the sorption of phenolic compounds (phenol, 2-chlorophenol, 2,4-dichlorophenol and 2,4,6-trichlorophenol) and popular pharmaceuticals-aspirin, paracetamol and ibuprofen. The process of dynamic sorption of phenols depended on both porous structure and surface chemistry of the polymers. And the less polar character of the polymeric surface was balanced by its higher porosity to maintain the sorption ability on the same level. In case of pharmaceuticals dependence of sorption properties on porosity and/or surface chemistry was more diversified and additionally chemical nature of adsorbate had to be taken into account.
Introduction
Very intensive technical and industrial development besides many benefits brings also threats to the natural environment in the form of pollution. Governments around the world strive to replace old technologies with new ones, so called "clean" or "green" supporting environmentally friendly and environmentally responsible actions. Unfortunately, there are still many fields where adverse effects for environment are difficult or even impossible to eliminate. People are used to living in the world of ubiquitous chemistry. They utilize it in daily life often without awareness of its harmful effects. Consequently, chemicals such as e.g. products for cleaning or plant protection, paints or dyes are released into the environment in large amounts. Even personal care products and pharmaceuticals which are used to protect our health or to treat diseases get into the environment as a mixture of still biologically active parent compound and its metabolites. Some of these substances are considered as particularly toxic. Therefore, directives on maximum limit values of such compounds for drinking, natural and wastewater have been introduced (Fawell 1988; Keith and Telliard 1979; Parlament Europejski 2001 , 2006 The European Parliament 2001; WHO 1971) .
The necessity of continuous monitoring of pollutants lead to the development of techniques for their quantitative isolation from natural samples (Lucas et al. 2018) . Very popular are analytical techniques like: solid phase extraction (SPE), solid phase microextraction (SPME), head space-solid phase microextraction (HS-SPME), and membrane technology (Namieśnik 2003) . These methods are based on the phenomenon of reversible adsorption of analytes. Thanks to that the devices can be used repeatedly and meet the requirements of green analytical chemistry.
In many cases isolation of polluting compounds is not an easy task due to their polar character and low concentration. The effectiveness of the extraction equipment guarantees an adsorbent with properly selected parameters of chemical and porous structure, which determine the suitability and range of application to a particular type of analytes. Sometimes, to obtain the desired results, the usage of mixed sorbents is necessary (Simpson 2000; Hennion 1999) .
Another solution can be improvement of existing or synthesis of new adsorbents. Probably the most dynamically developing group of sorbents are polymers. They have a number of advantages: thermal stability, chemical resistance in a wide range of pH, possibility of regeneration, as well as chemical or physical modification. Important feature is also the possibility to receive the designed shape e.g. a monolith or microspheres of a certain size (Gokmen and Prez 2012; Maciejewska 2015a; Xu et al. 2008; Inagaki et al. 2010) or ordered porous structure (Gokmen and Prez 2012; Choma et al. 2009 ).
In this work, the synthesis of porous polymers with ester and epoxide groups is presented. The materials were prepared by polymerization of divinylbenzene-glycidyl methacrylate (DVB-GMA) using 50:50 and 75:25 monomer ratios. The materials differed from each other in term of the contents of polar functional groups and degree of crosslinking. The presence of reactive epoxide ring allowed to modify the polymeric surface by the addition of sulphuric or phosphoric acid. The right course of syntheses and modification of the prepared materials were confirmed by elemental and ATR-FTIR analyses. To describe their thermal behavior DSC studies were performed. The influence of chemical composition of the polymers and the acid modifications on porosity and sorption properties towards phenolic compounds and commonly used medicines were demonstrated. The properties of DVB-GMA copolymers were compared with those of apolar polidivinylbenzene (pDVB) and polar poli(bismaleimide-glycidyl methacrylate) (BM-GMA).
Experimental

Chemicals and reagents
Glycidyl methacrylate (GMA) was from Fluka AG (Buchs, Switzerland). 1,1′-(methylenedi-4,1-phenylene)bismaleimide (BM) was from Aldrich (Steinheim, Germany) Divinylbenzene (DVB), α,α′-azoiso-bis-butyronitrile (AIBN), poli(vinyl alcohol) (PVA), methanol (MeOH), 2-chlorophenol (ChP), 2,4-dichlorophenol (DChP) and 2,4,6-trichlorophenol (TChP), 1,4-dioxane and farmaceuticals (S)-(+)-2-(4-isobutylphenyl)propionic acid (ibuprofen), 4-acetamidophenol (paracetamol), 2-acetoxybenzoic acid (aspirin) were purchased from Merck (Darmstadt, Germany). 98% H 2 SO 4 , 85% H 3 PO 4 , 36% HCl, NaOH, hexane, acetone, toluene and phenol (PH) were bought from POCh (Gliwice, Poland).
Synthesis of polymeric microspheres
The syntheses were carried out in a three-necked flask equipped with a stirrer, a thermometer and a water condenser. First the dispersion medium was prepared through the dissolution of 5 g PVA in distilled water (175 cm 3 ). Next, the mixture of monomer/monomers (DVB, GMA, BM), pore forming diluent (toluene) and the initiator (AIBN) was prepared and poured to the dispersion medium, all details are collected in Table 1 . The reaction mixture was stirred at 250 rpm for 18 h at 80 °C (Maciejewska 2015b) . The obtained copolymers were washed in an ultrasonic bath successively with distilled water, methanol, hexane and again methanol (each solvent for half an hour). Before changing the washing solvent, the polymers were filtered off and dried. Next, the purified polymers were divided into three parts (one for further studies and two for chemical modifications).
Modification by addition of H 2 SO 4 or H 3 PO 4
In a reaction flask with a water condenser 5 g of the polymer, 10 cm 3 of aqueous solution of H 2 SO 4 (1:1 v/v) and 50 cm 3 of dioxane were placed. The reaction was initially carried out at room temperature, after 2 h the mixture was heated to 60 °C, the final temperature was maintained for 4 h. The modified polymers were filtered off and washed with aqueous solution of acetone (1:1 v/v) to obtain a neutral pH.
An analogous modification process was carried out with phosphoric acid, with the difference that undiluted H 3 PO 4 was used in this reaction. 
Characterization
Elemental analyses were made on a Perkin Elmer CHN 2400 analyser (Palo Alto, CA, USA). Acid numbers were determined by titrating the polymeric samples (100 mg) with methanol solution 0.05 M NaOH, using 2-3 drops of phenolphthalein as an indicator. The samples were suspended in methanol (10 mL). The equation is in supplementary material.
To determine epoxide numbers polymeric samples (200 mg) were suspended in 25 mL of 1,4-dioxane solution of HCl (0.2M) and left for 30 min. Next, an indicatorcresol red (6-8 drops) was added and the excess of HCl was titrated with 0.2 M methanol solution of NaOH to the purple color. The blank test was performed in the same way. The equation is in supplement.
ATR-FTIR spectra were obtained using a Bruker FTIR spectrophotometer TENSOR 27 in the frequency range of 4000 to 600 cm −1 , and the resolution of the apparatus was 4 cm −1 . The porous structure of the studied sorbents was characterized by nitrogen adsorption-desorption isotherms measured at − 196 °C using adsorption analyser ASAP 2405 (Micrometrics Inc., USA). Before analyses, the samples were outgassed at 140 °C for 1 h. The specific surface area was calculated using the standard BET method while the total pore volume was calculated as the volume of liquid adsorbate at a relative pressure of 0.99. The pore size distributions were calculated from the desorption branch of the nitrogen isotherm using the Barrett-Joyner-Halenda (BJH) method.
DSC analyses were carried out on a Netzsch DSC 204 calorimeter (Netzsch, Germany). Samples of about 7 mg weight were placed in an aluminum pan with a pierced lid and heated to 500 °C at a heating rate of 10 °C min −1 . The measurements were conducted under argon atmosphere. An empty pan was used as a reference. In order to investigate sorption properties of the prepared materials, laboratory cartridges filled with 100 mg of the studied polymer were constructed. Next, the following solutions consisting of ibuprofen (100 mg L ) and a mixture of phenols (phenol (PH), 2-chlorophenol (ChP), 2,4-dichlorophenol (DChP), and 2,4,6-trichlorophenol (TChP)-100 mg L −1 of each compound) were prepared. The procedures of sorption experiments and HPLC analyses for phenolic compounds were described in detail in previous works (Sobiesiak and Podkoscielna 2010; Sobiesiak 2011; Podkościelna et al. 2015) . The sorption of pharmaceuticals was performed in the same way as for phenols. The only difference regarded parameters of HPLC analysis: a mobile phase methanol-water (80:20, v/v), a flow rate of 1 mL min −1 , detection of ibuprofen and paracetamol was performed at 222 nm, and aspirin at 200.5 nm, respectively.
Results and discussion
Syntheses of the research materials and characteristics of their chemical properties
Porous polymeric microspheres were synthesized using a suspension method. Two basic materials, with moderately polar chemical character, were prepared by polymerization of divinylbenzene and glycidyl methacrylate (DVB-GMA) with the molar ratios of monomers 50:50 and 75:25, respectively. For comparison purposes, also more polar polymer bismaleimide-glycidyl methacrylate (BM-GMA) 50:50 and apolar poli(divinylbenzene) (pDVB) were prepared. Schemes of polymerization are presented in Fig. 1 . 
The number of polar functional groups in the constitutional unit of the polymer can be used to compare polar character of the polymer. In the pDVB, DVB-GMA 75:25, DVB-GMA 50:50, BM-GMA series, the numbers of polar groups are 0, 1, 2 and 4, respectively. Other parameter related to the quantity of polar functionalities is the percentage contents of "others" elements in elemental analysis.
In the next step, both basic polymers were modified by addition of sulfuric or phosphoric acids. The reaction runs according to epoxy-ring opening mechanism (Fig. 2) (Gorzynski Smith 2011). The acid addition proceeds quantitatively as long as the spatial structure of the polymer allows it.
As a result, four polymers differing in chemical composition and type of functional groups were obtained. In case of the unmodified polymers, the results of the elemental analyses were in good agreement with the theoretical values (Table 2) confirming the assumed course of the syntheses. Additionally, greater than zero values of the epoxide and acid numbers prove that epoxide groups remained intact in the polymeric structure and will be ready for further chemical reactions.
For the acid modified materials theoretical values were calculated assuming that one acid molecule combines with one constitutional unit of the polymer (epoxy ring). The experimental results for other elements such as O, S and P are almost half lower than the theoretical ones. If the epoxide number is zero it means that some of acid molecules reacted with two epoxide rings, creating additional linkages between polymeric chains, which strengthen and stabilize the structure. For the same reasons acid numbers are not as high as one might expect. Their values in the range of 10-19 mg/g indicate the polymers gained acidic character and cation exchange properties.
Chemical structure of the prepared polymers and the presence of the introduced functional groups were also confirmed by ATR-FTIR spectra (Figs. 3, 4) .
In the spectra of DVB-GMA polymers bands characteristic for the ester bonds (1726, 1200-1100 cm In the spectrum of BM-GMA besides bands characteristic of esters and epoxides, also very intense signals from maleimide rings (1705, 1512 cm −1 ) can be observed. The homopolymer pDVB in its spectrum has signals characteristic for disubstituted benzenes (820 cm −1 ) and aliphatic linkages, moreover quite intense bands of vinyl groups (989 and 901 cm −1 ) are clearly visible. Their presence can be associated with the three following situations:
-termination of polymerization occurred as the disproportionation of two macroradicals resulting in reconstruction of double bond in one of the reacting chains -some monomers have reacted using only one double bond -or unreacted monomer molecules have been trapped in the polymeric structure.
The latter situations can take place in final stage of polymerization when the viscosity of the polymer increases, hindering the mobility of the macroradicals and addition of next monomers.
After acid modification of the polymers, signals characteristic for epoxides disappeared and bands of hydroxyl groups became visible (3600-3200, 1150-1040 cm −1 ). In the spectra of sulphuric acid modified polymers stretching vibrations of SO 2 group are located in the ranges 1415-1370 and 1200-1185 cm −1 . Primary and secondary alkyl sulfate derivatives give signals in the range of 1315-1050 cm −1 . Bands representing mono ((RO)(HO) 2 PO) and disubstituted ((RO) 2 (HO)PO) organic derivatives of phosphoric acid can be found at about 1250 and 1230 cm −1 , respectively. Characteristic vibrations of P-OH bonds are visible in the ranges 2700-2560 and 1040-910 cm −1 , while those of P=O in the range of 1350-1150 cm −1 . The last region is also common to signals of alcohols and esters, therefore interpretation of individual spectral bands in this region may be troublesome (Socrates 2001 ).
Porous structure of the studied materials
Results of the surface area and porosity measurements are presented in Table 3 .
As one can see, the values of the porous structure parameters strongly depended on polymers chemical composition. The highest and the lowest values were observed for pDVB and BM-GMA, which are respectively apolar and the most polar polymers (Fig. 5) . For the DVB-GMA, possessing in its structure both polar functional groups from GMA and apolar units of DVB, S BET and V Tot take intermediate values.
The dependence of porosity on the chemical structure of the polymer is directly related to the crosslinking density of the polymeric network. This effect is very important because the process of crosslinking promotes the formation of micropores in the polymer structure. In the series of analyzed materials, the density of crosslinking increases with the increase of DVB content. This effect is particularly well visible for DVB-GMA 50:50, DVB-GMA 75:25 and pDVB. The less cross-linked DVB-GMA 50:50 has almost two and a half times smaller specific surface areas (143 m 2 /g) than their higher cross-linked counterparts DVB-GMA 75:25 (342 m 2 /g) and almost four times smaller than homopolymer pDVB (560 m 2 /g). These data are consistent with those reported in the literature (Beneš et al. 2005; Maciejewska et al. 2015) .
Figures 6 and 7 present nitrogen sorption isotherms and pore size distribution (PSD) plots of the studied materials which reveal more details about their porosity.
All the materials are mesoporous. The shapes of the adsorption isotherms (type IV-H2) suggest that their porous structure is created by a connected pore system of irregular shape and narrow entrances (Sing 1985) . Pore size distributions for the DVB-GMA series are bimodal with a narrow peak at 3.7 nm and a broader one in the range of 4-12 nm. Worth noticing is also the fact, that PSD curve for DVB-GMA 75:25 is narrower and the peaks are higher than in case of DVB-GMA 50:50, which proves that the pores are more uniform. The highly cross-linked pDVB has additionally some micropores in its structure.
In case of H 2 SO 4 treated polymers, the first peak is a little shifted to3.8 nm, while the tops of the other ones are about 6 nm. For H 3 PO 4 modified materials the apices of second peaks are shifted to higher values, which proves that 
Thermal properties of the studied polymers
The results of DSC analyses are shown in Fig. 8 . The unmodified DVB-GMA polymers have thermal stability similar to that of pDVB. Their decomposition proceeds in the range of 350-500 °C. And the presence of GMA does not significantly affect thermal properties, especially at temperatures up to 300 °C. In the range of 100 to 250 °C the process of crosslinking takes place. Its peak is very broad and almost flat which means, that the polymeric structure is highly cross-linked and only a very small number of vinyl bonds did not react. In the DSC curve of BM-GMA two endothermal peaks are visible. The first broad peak, at ca 90 °C is associated with desorption of moisture, while the second one, the sharp one, at 160 °C indicates the presence of crystalline BM, which remained entangled and trapped in the polymeric network during polymerization. After acid modification, the range of decomposition temperatures left unchanged, however thermal destruction proceeds in two stages. Only in case of DVB-GMA 50:50 + H 3 PO 4 the processes are well separated and can be observed as two peaks. For other materials the processes take place simultaneously, therefore one unsymmetrical peak is formed.
In the range of 125-175 °C crosslinking of acid derivatives of DVB-GMA 75:25 occurs. For DVB-GMA 75:25 + H 3 PO 4 also the additional peak is visible (175-300 °C) which is connected with reactions between phosphate groups and formation of pyrophosphate derivatives (Bielański 1998 ).
The investigation of sorption properties
The studies of the sorption properties were divided into two parts. At first the sorption ability towards the phenolic compounds were tested, next also the examinations for commonly used pharmaceuticals were performed. The obtained results are presented in Figs. 9 and 10, respectively.
For the unmodified polymers the maximum recoveries reached 30-45% (for 2-ChP), while the lowest (for phenol) did not exceed 15%. Although the studied materials differ significantly in porosity, their sorption properties are very BM-GMA 50:50 phenol 2-chlorophenol 2,4-dichlorophenol 2,4,6-trichlorophenol Fig. 9 Recovery curves of the phenolic compounds obtained for the studied polymers similar. Especially in case of BM-DVB, which has the lowest surface area but the highest polarity, its ability to adsorb the phenols is comparable with that for pDVB. It means the chemical structure of the polymer, and in particular the presence of polar functional groups, has strong impact on its sorption properties towards polar molecules. For the same reason no significant differences in SPE results for DVB-GMA 50:50 and 75:25 were observed, as the reduction of the polarity was balanced by the increase in porosity. For the acids modified polymers (See Fig. 1s in supplementary material) the recovery results are slightly lower than for unmodified materials, but the impact of the porosity is more pronounced. The phenols sorption on more porous DVB-GMA 75:25 + H 2 SO 4 or DVB-GMA 75:25 + H 3 PO 4 reaches almost twice higher values than on respective 50:50 derivatives.
This phenomenon can be explained by the fact that the acidic groups are bulky and due to the steric effect, some pores are hardly accessible for such big adsorbates as aromatic derivatives. In consequence, the process is less efficient and the breakthrough takes place at lower volumes (200-300 mL).
In case of the pharmaceuticals (ibuprofen, paracetamol and aspirin) the results of sorption experiments are more differentiated, which is related to the chemical character of these substances.
Paracetamol is an acetamide derivative of phenol, for this reason their acidity is similar. pKa of paracetamol and phenol are 9.38 and 10.8, respectively. Ibuprofen (pKa 4.91) and aspirin (pKa 3.48) possess more acidic character because of the presence of carboxylic groups.
The sorption of ibuprofen is affected mainly by porosity and less by surface polarity. Therefore, higher recoveries are observed for more porous polymers. However, the most polar but nonporous BM-GMA, also exhibits some sorption ability, resulting from interactions between polymer functional groups and ibuprofen.
In case of paracetamol, acid-base and hydrogen interactions play the key role in the process of sorption. No significant influence of polymer porosity was observed for sorption of this compound.
Recoveries of aspirin do not exceed 5%. Its acidic character and ability to dissociate do not favor the process of uptake.
Conclusions
The method of synthesis of porous polymeric microspheres with moderately polar character as well as their modifications with sulphuric or phosphoric acids are reported. The chemical structure of the prepared polymers was confirmed by the elemental and ATR-FTIR analyses as well as titration methods (epoxy and acid numbers). The acid modified polymers gained acidic character and cation exchange properties.
Porosity of the presented materials depended on chemical composition and the degree of crosslinking of the polymers. Also acid modification affected the porous structure. The modification with sulfuric acid led to the formation of pores with average widths 3.8 and 6 nm while with phosphoric acid the pore sizes were 3.7 and ca 7 nm. The prepared materials were tested as potential adsorbents. Their sorption properties towards phenolic compounds (phenol, 2-chlorophenol, 2,4-dichlorophenol and 2,4,6-trichlorophenol) and popular pharmaceuticals-ibuprofen, paracetamol and aspirin were studied using the solid phase extraction method.
The carried out research showed that the process of dynamic sorption of phenols depended on both porous structure and surface chemistry of the studied polymers. And the less polar character of the polymeric surface can be balanced by its higher porosity (and vice versa) to maintain the sorption ability on the same level. In case of pharmaceuticals the dependence of sorption properties on porosity and/or surface chemistry was more diversified and additionally chemical nature of adsorbate had to be taken into account.
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